~' Spontaneous and evoked electrical activity from the basal and medial areas of the brain not accessible in routine electroencephalography (EEG) has been recorded with single and bipolar electrodes in intracranial vessels of baboons. The report also demonstrates intracranial intravascular EEG recording in man. VER the last several years our laboratory has developed small magnetically guided catheters (POD) which have permitted for the first time navigation of the intracranial vessels in man. 5, 6 Other investigators have had similar success, s,9 To extend its use, the original catheter design has been modified to record electrical activity at its tip. The importance of detecting this activity is indicated by the fact that the majority of cases of focal epilepsy are of temporal lobe origin and that foci not seen with routine leads are often uncovered by depth electrodes implanted deeply into that lobe. [1] [2] [3] 7 This report describes the feasibility of electrical measurements made from within intracranial vessels and demonstrates their local brain origin, as well as the first human intracranial intravascular electroencephalogram (EEG).
Method
For an experimental model, adult baboons varying from 40 to 60 lbs were chosen because their cerebral vascular circulation resembles that of man and their vessels are large compared to those of small primates.
Previous studies established an optimal catheter configuration for advancing around the bends of the carotid artery to enter the intracranial vessels.
A platinum cobalt magnet, 1.5 mm long and 0.6 mm in diameter, was used as an electroencephalogram (EEG) electrode at the tip of the catheter, connected to a flexible stainless steel wire running the length of the Silastic and then Teflon tubing. The total resistance varied from 70 to 100 ohms. A helical inner spring allowed flexibility and provided forward thrust for the advancing catheter. This helix was brought to the outer surface of the Silastic tubing at a predetermined distance from the tip and used as a second electrode for bipolar recording intracranially ( Fig. 1 ). FIo. 2. A. Electroencephalogram with single magnetic intravascular EEG electrode (POD) in the carotid artery at the siphon in a baboon in stage 4 anesthesia at the level of moderately spaced suppression-burst patterns. Sound stimulus gives an evoked response at the intravascular electrode followed by a generalized EEG burst at the surface electrodes and at an electrode in the carotid siphon. Voltages from the intraarterial electrode to the scalp electrodes are several times greater than from scalp to scalp. The calibrations on the right show higher gains in first four channels. T~ = left temporal; T~ = right temporal; OL left occipital. B. Electroencephalogram from scalp electrodes and from two electrodes located in the middle cerebral artery of a baboon with an interelectrode distance of 1 cm between POD1 and POD2. EEG amplifications: channels 2, 3, 5 high gain; channels 4, 6, 7, 8 lower gain.
Before each experiment, the catheter was autoclaved and then placed in a heparin solution (1000 units/cc) for 24 hrs. The baboons were sedated with 1 cc of phencyclidine and then given general anesthesia endotracheally, using methoxyfiurane. A common carotid cutdown was then performed and a No. 6 French polyethylene catheter inserted and advanced under fluoroscopic control to the origin of the internal carotid. Through this outer catheter a magnetic electrode probe was introduced and guided into the intracranial circulation. The position of the radiopaque tip was ascertained by comparing anteroposterior and lateral x-ray films with a previously made arteriogram. The EEG tracing in Fig. 2A was taken with in a baboon during EEG stage 4 anesthesia. ~ A sound precipitates generalized EEG activation which is preceded by a local evoked response that is detected from the intravascular electrode near the medial temporal lobe. Figure 2B shows the bipolar recording between the two electrodes 1 cm apart, located in the middle cerebral artery, in another baboon in EEG stage 4 of anesthesia. EEG activity which is not present in the scalp tracings can be seen from the bipolar intravascular probe indicating its local origin.
An intracerebral intravascular EEG recording was performed in a patient with a cerebral arteriovenous malformation requiring arteriography and embolization. The EEG probe was Ionger but otherwise similar to that used in the baboon. The patient was mildly sedated with 5 mg of intravenous diazepam and prepared in the same manner as for routine arteriography. A left carotid puncture was performed. An outer polyethylene catheter was maneuvered into the internal carotid and then an inner EEG probe was introduced. When it was placed in the internal carotid artery in the neck, a large pulse wave and electrocardiograph (EKG) artifacts were recorded. As the tip advanced toward the base of the brain, these artifacts became attenuated. The catheter was passed without difficulty into the intracerebral circulation and its most distal position in the middie cerebral artery is shown in Fig. 3 . Simultaneous electrical recordings from the intravascular electrode at this position and from the standard scalp leads are shown in Fig. 4 , and demonstrate electrical activity generated from the vicinity of the middle cerebral artery. The patient tolerated the procedure well and her neurological status was unchanged.
Comment
Our findings establish the technical feasibility of intravascular EEG recordings from localized intracerebral structures not accessible to routine EEG techniques. Artifacts are unusual once the intracranial vessels are entered. The electrical characteristics of the electrodes and the relatively high voltage of the electrical activity recorded should be useful in identification of heretofore inaccessible paroxysmal and slow wave loci. Because the risk of the procedure is unknown, and because artedography is an essential part of the procedure, we are currently recommending the use of catheter EEG only in carefully selected patients in whom temporal Intravascular intracranial EEG recording lobectomy for intractable seizures is contemplated. The range of clinical applications and indications remains to be determined.
